Introduction
Silos are the most common storage devices of granular materials in industrial pro-cesses. The main process associated with silo is the discharging process, in which can happened various unwanted phenomena leading to disturb different industrial processes. Monitoring and diagnosis of gravitational flow processes of friable materials within silos is a challenge for engineers dealing with sensors construction and data analysis procedures. The process for storing bulk solids, seemingly a very simple activity, is in fact a complex task to be analysed. Firstly, quality of storing as well as ease, effectiveness and safety of discharging is dependent on the way of initial filling. The initial material packing density, level of pressure on the walls, diameter of pellets, size and direction of particle aggregates deformations; all influence the change of friable material concentration in different regions during silo discharging.
There are two types of flows during silo emptying [2, 6, 15] . The first one is the so-called mass flow, which is a desirable outcome in most cases [14, 5] . It operates as the first material filled in first will flow first out at the bottom first as well. For this type of silo discharging process the material is moving in the all area of silo. In contrast to mass flow, the second kind of flow is funnel flow, charac- This induces a change in the local granular material concentration in the two zones, the stagnant zone being more packed than the flow zone during discharging. The granular movement indeed creates larger void gaps between grains (dilatancy) as they move down towards the outlet. This is illustrated in Fig. 1 . Fig. 1 : Funnel flow and stagnant zone within a silo model, [6] One of the characteristic points of the bulk solids flow are dynamic volume changes during processes of receptacle unloading. Several factors influence concentration changes during silo discharging, including initial packing density, average grain size, stress level, silo size, as well as direction of the deformation rate. Besides, external conditions (e.g. humidity, temperature conditions) do complicate the overall study since they can strongly impact on the flowing process. Therefore, it becomes difficult to predict the effect of such parameters at design time of the silo construction. In the case of funnel flow, no properly parameters of silo construction and additionally the changing in time environment factors during storage process of solid, cause e.g. arching or rat hole and consequently stopping the discharging process [15] . Particles of materials inside the silo are differing in size or density; as a result there is high tendency of segregation during flow. During filling materials inside silo is the time that highly dense particles scroll down to the shutter of the silo, unless a special silo container or loading devices such as pipes are used. Thus, the knowledge of density distribution within bulk solids is the most important issue to understand and describe the flow behaviour of the flow of granular materials in silos. This knowledge is also very important from the safety reasons e.g. to minimize effect of silo quaking or honking to natural environment [15, 16] .
The investigation of filling and discharging processes in silos can both reveal the nature of the process and result in significant improvement of the construction de- The model of silo was mounted in X-ray system between source and 2D flat panel detector.
The used X-ray tomography system allows to gather data in the form of sequence 2D radiography images during silo discharging process, or after stopping the flow, conduct full 3D visualization of granular material distribution inside silo. In order to achieve the 3D visualization, the silo model was equipped with the automatic system
for close/open the silo outlet at any time during process.
After closed the silo outlet, material flow was stopped.
The silo model was rotated between X-ray source and detector. The signal from detector, for each rotation step, 
Convolution
The main element of algorithm is the convolution process. Convolution is a function of integral or summation of two component functions, which measures the amount of overlap as one function is shifted over the other. In image processing, convolution is one of the best operations that are taken to filter an image with a matrix called a kernel.
If f(t) and g(t) are piecewise continuous function on [0,t), then the convolution integral of f(t) and g(t) is given
by:
where the symbol [f * g] (t) denotes convolution of f and g. More often convolution is taken over an infinite range, 
The image convolution can be described into 3 steps: 
Local SNR calculations
A central part of the segmentation method proposed in this article relies on the calculation of the signal to noise ratio (SNR). It is usually used in signal processing and image quality areas [12] . It can take different forms. For instance, it can be based on the ration between the average signal value µ signal and the standard deviation σ noise minimum/maximum or mean and standard deviation of full image:
The SNR can be calculated for the full image or locally, based on a given neighbourhood size. In that case, one talks about local SNR (LSNR). As mentioned previously, this parameter of image is used in the present work to better discriminate the difference between the non-flowing (i.e. stagnant) and flowing zone in funnel flow. The calculation is done in the following manner.
First it was convolved the image with matrix of 1. As a result, the adjusted image was extended by size to go around the boundaries. The next step in the method was to calculate the local sum of intensity pixels, based on pixels value in the neighbourhood. The calculations were conducted with aid of the convolution of the image with a convolution matrix of size (2r + 1) 2 , elements were equal to 1. Note that this method is tremendously faster than calculating in a loop the intensity sum from the neighbourhood around each pixel of the input image. Consequently to get the average, the local sum was divided by the number of pixels in the kernel. Then for each pixel was subtracted the average and applied the convolution again to the sum of the entire scatter between local pixel and average value from its neighbourhood. Before completing the whole calculation, the results was divided by number of pixels to have average value and to take the square root of the value to get the standard deviation. Then the SNR 146 S. Waktola, L. Babout, K. Grudzien was calculated using the standard formulation given above (eq. 4). This succession of steps is shown in the following pseudo-code:
• Contrast increasing by applied histogram equalization (enhances the contrast of images by transforming the values in an intensity image).
• Using the Otsu thresholding method remove silo structure from input image I.
• Calculate the local SNR of image I.
-SNR (input: intensity image I in , kernel size r, 
Results
The original image that has been taken by X-ray CT is usually in a very low intensity. Additionally the original image includes the silo construction, which potentially hinders further processing of the image. As a result, it was needed to increase the intensity of the original image for a better contrast and removing the borders of silo construction for calculating the change in standard deviation of the image inside the silo, rather than outside and in the silo structure. On Fig. 3 is presented the results of the image contrast improvements and removing the silo borders.
For this study, MATLAB is used for all calculations and the segmentation method.
Even though, the contrast of the original image in Fig. 4(a) is in a very low contrast, one can able to notice that the flowing zone is darker than the stagnant zone. Due to the low contrast of the original image, it is quite difficult to segment the funnel flow from the stagnant zone.
After increasing the contrast of the original image and removing unwanted borders of the silo, the adjusted image is quite ready and easy for further calculation to be performed inside the silo region. In this study, the convolution filter method is used to perform filtering the pixel values in 2D, which was used for sharpening and detecting edges within the images. On Fig. 4 is presented results of calculation SNR: Fig. 4(a) shows image after the contrast increasing (Fig. 3(b) ) and on the right (Fig. 4(b) ) is visualized the SNR values for each pixels in form of 2D image. There is no significant difference between the desired border line and the automatic line that was generated by proposed method of image processing. However there is need to investigate more deeply proposed methodology to accomplish the desired accurate result and verify such approach for much more images, which provide information about different state of silo discharging process than presented in this paper. 
